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now measure weekly global productivity
these observations can provide informa
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tion about current conditions only.
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gers or to exploit positive trends. NASA's
forecasting abilities of many-coupled,
strategic plan for the Earth Science
ocean-atmosphere, global circulation
Enterprise (ESE) identifies ecological
models (GCMs) have steadily improved
forecasting as a focus for future research.
over the past decade. Given observed
Ecological forecasting predicts the
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effects of changes in the physical, chem
(SSTs) from satellite data, GCMs are able
ical, and biological environments on
to forecast general climatic conditions,
including temperature and precipitation
ecosystem state and activity. Imagine if
it were possible to predict accurately
trends, 6 to 12 months into the future
shortfalls or bumper agricultural crops, or
with reasonable accuracy.
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While such climatic forecasts are
danger 3 to 6 months in advance. Such a
useful alone, the advances in ecosystem
predictive tool would allow improved
modeling allow a specific exploration of
preparation and logistical efficiencies.
the direct impacts of these future cli
Early knowledge of changes in key
mate trends on the ecosystem. One-day
biospheric processes, such as soil mois
predictions made in March might accu
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tems is the "memory" that these sys
tems carry from one season to the next;
for example, soil moisture, plant seed
banks, or fire fuel accumulation infor
mation. Simulation models are often the
best tools to carry forward this spatiotemporal memory information. The abil
ity of models to describe and to predict
ecosystem behavior has advanced dra
matically over the last two decades,
driven by major improvements in
process-level understanding, computing
technology, and the availability of a
wide range of satellite- and groundbased sensors.

Terrestrial Observation and
Prediction System
To estimate future states of the
biosphere, researchers are building a
system that integrates ecosystem mod
els with frequent satellite observations.
These models can be forced by weather
or climate forecasts and can be downscaled to resolutions appropriate for
resolving surface processes. Such a sys
tem would determine the vulnerabilities
of different socioeconomic and resource
systems to fluctuations within the bios
phere and would help mitigate negative
impacts. Agriculture, a $200 billion a
year sector of the U.S. economy, and
many other industries, such as recre
ation and tourism, are vulnerable to
biosphere changes.
Funded by NASA's Earth Science
Enterprise and by the Computing, Infor-
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Spatial simulation mod
els in ecology and hydrology
estimate various water (evap
oration, transpiration, stream
flow, and soil water), carbon
(net photosynthesis, plant
growth), and nutrient flux
(uptake and mineralization)
processes at the landscape
level. The models have been
adapted for all major biomes
based on each biome's unique
ecophysiological adaptations
to climate and soil character
istics, exploiting such biomespecific
ecophysiological

principles as drought resistance and
cold tolerance. The models are initial
ized with soil physical properties and
satellite-based vegetation information,
such as type and density of plants.
Combined with daily weather data,
these input data fields are used to sim
ulate various ecosystem processes, such
as transpiration, evaporation, photosyn
thesis, and snowmelt. These models are
further conditioned by variations in
soils, terrain, and canopy cover that can
be translated into information on
drought, crop yields, net primary pro
duction, and water yield estimates.
A number of key developments in
recent years have enabled these models

Figure 1. The Terrestrial Observation &
Prediction System (TOPS) integrates a
wide variety o f data sources a t various
space and time resolutions to produce
spatially and temporally consistent
input data fields, upon which ecosystem
models operate to produce ecological
forecasts needed by natural resource
managers.

mation and Communications Technology
Program of NASA's Aerospace Technology
Enterprise, researchers at the University
of Montana, at Utah State University,
and at California State University Mon
terey Bay have developed a system
called the Terrestrial Observation & Pre
diction System (TOPS) to interpret data
from NASA's EOS satellites rapidly and
accurately. TOPS is a modeling software
system that automatically integrates
and preprocesses EOS data fields so that
land surface models can be run in near
real time with minimal intervention. To
speed the conversion of EOS data into
value-added products further, TOPS
automatically processes output from the
models using data-mining and feature
extraction tools. TOPS brings together
state-of-the-art technologies in infor
mation technology, weather/climate
forecasting, ecosystem modeling, and
satellite remote sensing to enhance
management decisions related to floods,
droughts, forest fires, human health,
and crop, range, and forest production
(Figure 1).
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Figure 2. Maps o f leaf area index derived from IKONOS satellite data collected in 2000
over vineyards in the Napa Valley, California, are important fo r quantijying spatial vari
ation in canopy conditions and as inputs to ecosystem modeb fo r estimating water
requirements and crop yields.
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to run in nowcast and forecast modes.
These developments include widespread
availability of up-to-date weather con
ditions on the Internet, sophisticated
algorithms that convert raw satellite
data into various biophysical products
that can be directly used in models, and
operational availability of climate and
weather forecasts in formats that can be
used in ecosystem models.

An Ecological Forecasting
Example: TOPS Helping the
California Wine industry
The impetus for developing TOPS
came from NASA's research in Napa Val
ley, California, on the relationship
between climate and wine quality and
the application of remote sensing and
modeling in vineyard management.
Analysis of long-term climate records
and wine ratings showed that interannu
al variability in climate has a strong
impact on the yearly $30 billion Califor
nia wine industry. Warmer sea surface
temperatures along the California coast
were found to help wine quality by mod
ulating humidity, by reducing frost fre
quency, and by lengthening the growing
season. Because changes in regional
SSTs persist for 6 to 12 months, predict
ing vintage quantity and quality from
previous winter conditions appears to be

-

possible. Given the probability of an
upcoming growing season to be worse or
better than average, growers can use the
information to make key crop manage
ment decisions.
TOPS may also help vintners during
the growing season as a real-time vine
yard management tool. For example,
satellite remote sensing data during the
early growing season helps to locate
areas for pruning so that an optimum
canopy density is maintained. Similarly,
leaf area index (area of leaves per unit
ground area) derived from satellite data
is used in process models to compute
water use and irrigation requirements to
maintain vines at given water stress lev
els (Figure 2). Research suggests that
vines need to be maintained at moderate
water stress to maximize fruit quality. By
integrating leaf area, soils data, and
daily weather, TOPS can estimate spatial
ly varying water requirements within the
vineyard so that managers can adjust
water delivery from irrigation systems
(Figure 3). Finally, satellite imagery
from the end of the growing season
helps in delineating regions of similar
grape maturity and quality so that differ
ential harvesting can be employed to
optimize wine blending and quality.
Additional information can be
found at www.ntsg.umt.edu/tops.
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ftgure 3. TOPS combines the vineyard leaf area index maps with soib and weather data
to compute a seasonal water balance that can be used to estimate the amount o f irri
gation required to maintain the vines at an optimal water stress level chosen to maxi
mize crop yield and fru it quality.
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